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NEW TECHNOLOGY

No reportable items of new technology have been identified.
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ABSTRACT

The response of selected surface-barrier and lithium-
drifted silicon detectors to photon and neutron radiation is
reported. Abserbers of various material were used to shield
out primary beta radiation and conversion electrons. For
combined detector and absorber, and for energies above a 200
keV bias level, the photon counting efficiency was in the range
of 1 x 10~3 to 1 x 107! counts per y per cmZ; depending some-
what on photon energy and detector size.

The neutron counting efficiency could not be unambiguously
separated from the photon efficiency due to the impossibility
of obtaining y-free neutron fields. However, an upper limit
for the efficiency, about 102 pelow that for photons, was
obtained over the neutron energy range from 0.20 to 0.73 MeV.

The channel electron multipliers could not be operated
without after pulsing and therefore the response measurements
could not be .conducted.

Response measurements for a type 6213 G-M counter were
conducted at photon energies from 0.279 MeV to 2.75 MeV and
at neutron energies from 0.20 MeV to 0.73 MeV. Photon re-
sponse was also measured for lead shielding from 0.0l inches
te 0.450 inches thick.

Response measurements for two NE-213 liquid scintillator

neutron spectrometers were conducted with monoenergetic neutrons
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from 0.73 MeV to 5.0 MeV. Responses were determined for both
normal . and side incidence of neutrons on the detectors. Response
functions were determined as a function of neutron energy for

several equivalent electron bias levels from 25 keV to 200 keV,.
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SUMMARY

This is the Final Report describing the work accomplished on
Contract No. 952559 for a "Study of Interaction of Low Dose Power Source
Radiation Fields with Selected Space Scientific Instruments.” This
report is concerned with the measurements taken with the scintillation
neutron spectrometer using monoénergetic neutrons, and the measurements
taken with silicon surface barrier and lithium drifted detectors, G-M
counters and channel electron multipliers using photon and neutrén.
radiation.

The objectives of the work are to determine the radiation
responses and the absolute detector efficiency as a function of photon
and neutron energy for EON type 6213 Geiger-Muller counters, silicon
totally depleted surface barrier detectors, lithium drifted silicon
detectors, and type CEM-L4010 channeltron® electron multipliers, and to
calibrate a scintillation neutron spectrometer and associated electron-
ies supplied by JPL.

This work is being done to provide more precise information
about the response of space radiation detectors to radiation fields
generated by spacecraft isotopic power sources. The neutron spectrometer
is being calibrated to provide spectrum data for monoenergetic neutrons

so that measurements of continuous neutron spectra can be made.

*¥Channeltron is a registered trademark of the Bendix Corporation.
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Five different thicknesses of silicon surface barrier detectors
from 30 micr&ns to 1000 microns were used together with four thicknesses
of lithium drifted silicon detectors from about 1 mm to 5 mm drifted
depths. Efficiencies for counting photons ranged from about 1 x 10-3
counts per photon per cm? for the smallest detector, to about 1 x 101
counts per photon per em? for the largest detector at a bias of 200 keV.
Measurements were conducted with five photon sources: 203Hg, 137s,
55Mn, 6000 and 2YNa and two absorbers: 0.220 in Al for 2%Na and 0.09 in
Al for the other sources. Results were determined for all sources and
all detectors except the 30 micron detector which in some cases was so
insensitive no counts were obtained above the noise level. The 1 mm and
3 mm lithium drifted detectors yielded inconsistant results in that
thelr efficiencies were not consistant with the stated drift depth.

Neutron measurements were conducted for 0.20, 0.56, and 0.73
MeV monoenergetic neutrons. The resultant efficiencies range from about
1 x 1075 counts per neutron per cm? to about 1 x 1073 counts per neutron

per cm?

depending on detector thickness. These values are an upper limit.
to the actual efficiency because of photons present in the neutron beam,
In fact, most of the measured response may be due to gamma radiation.
The measured 'meutron' efficiencies are about two orders of magnitude
less than the measured photon efficiencies.

Measurements were conducted with a channel electron multiplier
type CEM-4010. Due to a problem with afterpulsing, no confidence can be

placed in the counting data, although positive resulis were obtained for

137Cs, 5L"Mn, and 60Co sources. The device did not reach the count rate
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saturation mode of operation with voltages as high as L4000 volts.

Photon response and shielding experiments were conducted with
the 6213 G-M counter. Satisfactory operation was achieved at 550 volts
applied to the G-M. Bhielding measurements were carried out with 0.010,
0.020, 0.030, 0.050, 0.075, 0.150, 0.300, and 0.450 inches of lead sur-
rounding the side of the G-M counter but no shielding in front of the
window. Efficiencies for !37Cs, S“Mn, and 60Co sources agreed well with
JPL measurements and manufacturer's specifications for the unshielded
counter and side incident photons. Measurements were conducted only for
side incidence with the source placed so that photons could not enter the
window directly.

The absolute counting efficiency (response) of the two NE-213
scintillators for the fast neutron spectrometer was measured for mono-
enérgetic neutrons from 0.73 to 5.0 MeV at 0.5 MeV intervals. The
scintillators were coperated in a commercial n,y discrimination system,
and a multichannel analyzer was used to obtain differential pulse height
spectra at each neutron energy. The integral response above bias levels
from 25 to 200 keV (electron equivalent energy) was cobtained by integra-
tion of the spectra. Neutren fluence for each run was measured using
the Hanford long counter.

"For 2 MeV neutrons, and a 50 keV bias level, the response was
respectively 1.3 and 2.05 counts per neutron/em? for the 1.5 inch and
2.0 inch diameter scintillators.

Data on the scintillator light output for the recoil protons

was also evaluated and found to be consistent with that of other workers.



INTRODUCTION

Since future interplanetary spacecraft will require the use
of radiocactive isotopic sources to furnish on-board power, the
effects of the radiation emitted from the sources on various
instrumentation in the spacecraft must be known and evaluated.
The purpose of this project is to measure experimentally the
response of selected instruments to monoenergetic photon and
neutron radiation so proper corrections can be made for the
presence of the radiation field internal to the spacecraft.
With the energy response of the instruments known, it should
be possible to calculate their response to the power source

radiation field which is not monoenergetic.
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I. Yy RESPONSE OF SOLID STATE DETECTORS

The detectors to be investigated consisted of one each of 30u,
100u, 300p, 500u, and 1000u thick surface barrier detectors and 1 mm, 2
m, 3 mm, and 5 mm depletion depth Li drifted silicon detectors. The
surface barrier detectors were supplied by Nuclear Diodes, Inc., and the
Li drifted detectors by Nuclear Equipment Corporation. The 30u detector

2

had an area of 0.5 em” 3 all other detectors were 2 cm?. The isotopic

photon sources used and their assoclated y energy output were:

203yg Yy = 0.279 MeV
1370g Y = 0.662 MeV
Stn y = 0.835 MeV
60co v, = 1.173 MeV

Y, = 1.332 MeV

2hg Yy = 1.369 MeV

Yy = 2.754 MeV

Since all of these sources also emit conversion electrons or beta particlces
or both, it was necessary to shield the detector from these particles. Any
shielding placed around the detector, however, gives rise to secondary
electrons generated by the source y-rays. To obtain a "pure" photon response
by this methoed is thus impossible to do directly. It is not the pure gamma
ray response that is desired since the counters are always surrounded by

sbsorber materials so the effects of secondary electrons generated in this
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material must be determined. One can at best try to minimize secondary
electron deéection interference and interpret as best one can the resul-
ting "impure' response curve. A major problem in all shielding attempts
is that some of the detectors approach 100 percent detection efficiency
for most of the incident secondary electrons in gquestion, while the vy
efficiency varies from a few percent to less than 1 percent, depending
on the detector, y source and bias level.

The Yy response was to be determined as the number of integral
counts above a series of voltage or corresponding energy bias levels per
calculated incident photon flux. It was suggested at first that a simple
lower level voltage discriminator and scaler unit be utilized to obtain
the results. It was felt, however, that the additional spectral infor-
mation that could be obtained by use of a multichannel analyzer would be
very useful and perhaps necessary. The bias levels of interest corres-
pond to 50 keV, 75 keV, 100 keV, 150 keV and 200 keV of energy deposited
in a detector.

The initial experimental set-up was as shown below.

’\‘5 n
| 1/2%a
Source Detector ND-2200
Light-tight M.C.A.
Metal Box
'Absorber I //”///
TC-200
Amplifier
i TC-135
Preamp g H.V.
Supply
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Since the deﬁectors are very sensitive to visible light, they were placed

in a light-tight box. This consisted of a metal chassis box approximately
6x8x2 inches, with a cardboard top. The absorbers consisted of 2-1/2x3-1/2
inch sheets of alﬁminum, graphite, lexan (polycarbonate) or lead placed

v 1/2 inch in front of the detector. The thickness of each absorber was
made as close as possible to the calculated range of an electron in the
absorber material with the full energy of the y~ray being dealt with. It
was felt that this thickness would stop the beta or conversion electrons

from each source and insure an equilibrium value of escaping secondary
electrons which were generated in the absorber. From the empirical formulas,

1.38
R = 0.542E - 0.133 for 0.8 < E < 3 MeV and R = 0.L0TE for 0.15 < E < 0.8

(1)

MeV (where R = range in gm/cm? and E = energy in MeV), we obtained the

following values;

E(MeV) .279 .662 .835 1.332 2.75L
R(%EQ) .070 .230 .320 .589 1.493
R uminum % .0259 .0852 .1185 .218 .554
in ,0102 .0336 .0L66 ,086 .218
Rgraphite cm .0k437 L1439 .200 .368 .935
in .0172 .0566 .0786 145 .368
Rlexan cm .0565 .1855 .2580 ‘.h750 1.20k
in .0222 0730 .1020 .187 475
R ead cm .0062 .0203 .0282 .0519 132

in .00242 .0080 L0111 .0204 ,052
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The charge collected by the detector was fed to a TC-135 charge
sensitive preamplifier. The pulse formed here was shaped and further am-
plified by a TC-200 amplifier. The time constants used were :0.4u seconds
for some detectors and 0.2y seconds for others. The signal was then
stored in 1024 channels of an ND-2200 multichannel analyzer. The leakage
current values for the detectors were such that a change in the TC-135
bias resistor was necessitated. It was reduced from 91 x 10 ohms to
22 x 10° ohms.

Initial runs with the various detectors were made in vacuum.

A 210p5 o source was used to check resolution. The 1000u surface barrier
detector proved to be too noisy to use and was returned to the vendor, who
replaced it with an acceptable one. The 3 mm Li drified detector later
developed excessive noise problems and was repaired by the vendor. The
detectors gave measured?1%Po o resolutions very close to 30 keV FWHM,
Slightly higher FWHM values were obtained for the 13705 62L keV conversion
electron peak in vacuum.

To calibrate the detector response with energy, it was decided
to use a 203Hg source in vacuum. The two conversion peaks, at 194 keV and
264 keV, showed prominently in all but the 30u detector. Little results
were obtained with this detector because of its extremely low sensitivity.
The low energy of the 203Hg conversion electrons insures that the peaks
should correspond to full energy deposition. Initial calibrations were
made to some arbitrary and uneven number in terms of energy per channel.
Later, amplifier gain was always adjusted to yield 5 keV per channel, which

was most convenient. Results were printed out on paper tape., The tapes
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were then toﬁalled or integrated above the channel numbers which corres-
ponded to the five bias energy levels. The linearity of the system was
checked periocdically by use of a precision pulse generator, which inser-
ted signals into the preamplifier. The results always showed essentially
zero linearity deviation from channels 10 through 1024,

The resolution of each detector as measured with the 2°3Hg
source in vacuum is shown in Table k. Most of the detectors have a full
width half maximum (FWHM) resolution of 20 to 30 keV. The 1 mm lithium
drifted detector is slightly poorer at 32.5 keV, and the 300, 500, and
1000 micron detectors are slightly better at 18.3 and 17.5 keV.

Background runs were always made with each detector to recerd
both the radiation background and electronic noise contributions to the
count rate. Subtraction was then made from the totals for the various
bias levels to eliminate these centributions. In a few cases, the
lowest bias levels, 50 keV, had such a high noise contribution that it
was unreliable.

Initial results are typified in Table 1, which gives the mea-
sured response of five detecters at 50 keV bias with the four different
abserber materials. First evident was the fact that the type of absorber
seemed to make very little difference in the response. In a few of the
most extreme cases, the maximum difference in efficiency for the differ-
ent absorbers is 10 to 15 percent. In most cases, it is much less, being
within the uncertainties of the experiment. For the case of °“Mn, which
gives the "purest" y contribution of the sources used, the response for

different absorbers is essentially constant. This is especially true for
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the lithium drifted detectors, which have a significant dead layer on the
back side inéensitive to backscattered &lectrons. Since the absorber
thickness in each case is not great enough to cause more than a very few
percent v attenuation, these results might be expected.

All these initial results, however, seemed to indicate somewhat
higher responses than were expected. Also, the bare response of some of
the detector-source combinations in relation to the absorber-in-place re-
sponse was higher than expected. These results seemed to indicate exces-
sive background scattering into the detectors.

Three steps were taken to reduce scattering conditions: (1) the
metal box was replaced by a.larger (10xllxl inches) cardboard box; (2) the
gbsorber was cut to a circular disc the diameter of the detector; (3) the
absorber was moved into virtual contact with the detector. Each of these
steps reduced response somewhat. The combined effects decreased responses
by a factor of from 10 to 25 percent., The reductions were generally
greater, percentage-wise, for the thinner detectors and lower energy sources,

The final experiments were carried out for only the aluminum
absorber, Absorber thickness was set at .090 inches for all sources ex-
cept ZqNa, for which it was .220 inches. The increase was necessary for
25Ng, primarily because.of the 2.75 MeV maximum energy gamma present.

The final results are tabulated in Table 2 and shown on Figures
1 through 5. Response is given as the number of counts above a certain
bias energy level per calculated incident gamma per square centimeter.

The calculated incident gamma value does not take into account any . gamms
attenuation in the intervening absorb er, which should not be more than

a few percent for the worst case,
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Several apparent anomalies are noticeable in the figures of
the response aata. At lower bias levels, the 13705 response of the sur-
face barrier detectors is apparently high with respect to the responses
to sources of neighboring y energies. It was felt that the relatively
high yield 624 keV conversion electrons of 137Cs might be: responsible
for this by scattering of the cardboard surroundings and entering the
back of the detectors. This would not affect the Li drifted detectors
because of their metal-case backing and back dead layer material. The
300u surface barrier detector was tested in the experimental set-up,
and was found to give 4t to 6 percent less response for 137Cs with a
.090 inch circular absorber taped to its back side than with no absorber
behind it. Both ©0Co and S“Mn gave Vv 5 percent greater response with
this absorber behind the detector. This increase in response 1s due to
scattered electrons generated in the rear absorber and should be nearly
the same in magnitude for the 60co as for the ShMnm. Thus, the absorber
behind the detector in the 137Cs case must be shielding the detector
from an approximately 10 percent contribution to its bare response due
to electrons scattered into the back of the detector from the surroun-
dings. These electrons must be largely conversion electrons and not
beta particles from the 13705 because 9Co has a beta spectrum close to
that from 137Cs and still shows the increase that >"Mn does, which has
no beta component and only an insignificant conversion electron component.
Thus, indications are that the true 13 70g response of the surface barrier

detectors is less than measured by ~ 10 percent for the 300u detector.
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The largest anomaly is present in the Li drifted detector re-
sponses. At all Y energies and bias levels, the 1, 2, and 3 mm detectors
exhibit response efficiencies of inverse order to their stated depletion
depths. That is, of the three, the "1 mm" detector is most efficient and
the "3 mm" detector the least. To investigate this effect, capacitance
versus voltage measurements were performed on the detectors. The results
are shown in Figures 6 and T for the surface barrier and lithium drified
detectors. With increasing voltage, the capacitance decreases as the.
depletion depth increases. The capacitance values eventually level out
to that of the full depletion depth plus stray capacitance. The latter
prevent any absolute cenclusions about depletion depth, however, for the
same types ef mounted detectors, capacitance serves for valid comparison
of depletion depth. The measured capacitance. values occur in the same
order as the measured y efficiencies. Particularly evident is the abnor-
mality of the "3 mm" detector. Both its high capacitance value and its
slow change with voltage distinguish it from the others. This strongly
suggests that the manufacturer's stated depletion depths are not being
obtained for some of the Li drifted detectors. The capacitance measure-
ments cannot be used to determine the actual drift depths in this case
because of stay capacity but the relative drift depths should be correct,
To further check this possibility, gamma respcnse measurements were made
on Battelle-owned detectors of stated drift depths of 2, 3 and 5 mm.
Three different 2 mm detectors gave 137¢g gamma, responses quantitatively
close (similar) to that of our "2 mm" detector. A 5 mm detector gave a

gamma, response within 10 percent of our "5 mm" detector. A 3 mm detector,
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however, gave a response over twice as large as that the JPL "3 mm" detec-
tor. Thus, itfappears that the JPL "3 mm" detector has a true depletion
depth of less than 1 mm, while the JPL "1 mm" detector has a true depletion
depth of approximately 3 mm.

Results for the 2“Na response (y, = 1.369 MeV, Y, = 2,754 MeV)

1
are given both for the total response at the average gamma energy (2.06 MeV)
and for the partial response due to the 2.75 MeV component. To do this,
subtraction of the 1.3T7 MeV component from the total response was made by
assuming it to be the same as the 80¢co response since the differences deter-
mined from the response curves were less than 5 percent.

As seen in Figures 1 through 5, the relative efficiency of the
different thickness detectors is not constant over the range of gamma-ray
energy. That is, the ratio of efficiency between any two detectors is not.
necessarily constant. With increasing gamma. energy, the efficiency of the
surface barrier detectors tends to rise, while that of the lithium drifited
detectors tends to fall, or to remain constant. The apparent crossing of
some of the response curves at high energy is probably not real, the
extent of crossing being within the experimental uncertainty. There are
at least two factors which might contribute to cause this situation. First,
for the thinner surface barrier detectors, as gamma energy increases, an
increasing fraction of the response should be due to Compten electrons
generated in the absorber. As an example, for Q“Na, the 300u sUfface barrier
detector has almost twenty times its own thickness of aluminum absorber
placed in front of it. TFor the 5 mm Li drifted detector, however, this

absorber thickness is roughly equal to the detector thickness. The relative
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contribution of the absorber generated Compton electrons to the total mea-
sured response is thus much greater for the thin detector than for the
thick one. Secondly, there is greater electron scatter into the backs of
the surface barrier detectors than into the Li drifted detectors. 2%Na has
a high energy beta (100 percent yield, 1.39 MeV maximum) which might con-
tribute significantly by this means.

Error limits on the absolute values are indicated on various of
the points in Figures 1 through 5. These were assigned on the basis of
independent contribution from three sources: statistical error in .count
rate; source to detector distance measuring error; and source strength
uncertainty. Source strength and distance uncertainty each were assigned
a value of 3 percent contribution to count rate uncertainty. In some
cases, the standard deviation of the count was the dominant uncertainty.
In most cases, however, it was equal to or less than the other two fac-
tors. The combination of factors gave an uncertainty of 4 to 6 percent
for the majority of the data points with a few of the worst cases being
as high as 14t to 16 percent. When comparing different biases with the
same source, the distance and source strength uncertainties cancel out.
When comparing the same detector with different sources, most of the

distance uncertainty drops out.
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II. NEUTRON RESPONSE OF Si SOLID STATE DETECTORS

Initial attempts were aimed at obtaining neutron responses for
six neutron energies between 0.2 MeV and 5 MeV. The neutrons were obtained
through T(p,n), C(D,n) and D(D,n) reactions in Battelle's Van de Graaff
accelerator. The experimental arrangement was as shown in Figure 8. Pro-
tons or deuterons incident on the target material gave rise to & spectrum

(3)

of neutron energies which are angularly correlated. A long counter as

used to monitor flux. It was maintained at a positive angle of U45° to the
beam tube and a distance of 100 cm from the target. The detector was
placed at a negative angle, 6, to the beam tube such as to be exposed to
neutrons of the desired energy from a given reaction. Known parameters
relate the logg counter count with the flux on the detector for a given
distance, angle 6, and target reaction.

It was known that of the three reactions used, only the T(p,n)
reaction gives a reasonably small assoclated gamma-ray yield. It soon
became apparent that the various detector responses were at least two orders
of magnitude smaller for the neutrons than for gamma-rays of comparable
energies. This presents obvious problems of shielding the detectors from
the gamma-rays. IEfforts were thus concentrated upon obtaining results
for neutron energies of 0.20 MeV, 0.56 MeV and 0.73 MeV; all of which
were obtainable through the T(p,n) reaction. .
The tritiﬁmrtarget used for these exposures was thick enough to

shift the average energy of the neutrons produced dewn in energy by 100

to 150 keV., Thus, the results labeled 0.73 MeV are due to neutrons with
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an average energy of sbout 0.60 MeV, which is close to the resonance in
the silicon cross section. The results for 0.20 MeV neutrons are an
average over the region from 50 keV to 200 keV where the silicon cross
section has an anti-resonance.

Initial results showed that even with the T(p,n) reaction, a
previcusly unsuspected high background was contributing to the detector
responses. Inverse square runs were made at 4-5 different distances from
the target at each of the three energies. The results showed a relatively
constant background contribution to the detector responses. At a detector
distance of 40 cm from the target, this background term amounts to 30 to
50 percent of the total response of a detector, depending on the particu-
lar neutron energy and bias level. The percentage contribution is apparently
relatively independent of the particular detector. The source and nature
of this background is not adequately known at this time. It is most likely
composed of gamma and thermal neutrons scattered in the room. Results
obtained are shown in Table 3 and displayed for two bilas levels in Figures
9 and 10, For each energy and bias level, background correction was made
by subtracting the constant term determined by the inverse square runs
made with the 500u surface barrier detector. Inverse square runs made
with a tissue equivalent proportional counter show that the background due
to scattered fast neutrons is insignificant. The uncertainty of these
results, due to the count statistics of the basic and correctional terms
is in the range of 10 to 20 percent for most of the data points. Methods
are being proposed to determine both the source and nature of the back-
ground contribution, and the fractional contribution of direct target

gamma-rays to the responses here reported.
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As seen in Figure 9 and 10, there is a definite rise in the re-
sponse of all the detectors at 0.73 MeV. This is felt to be probably due
to the resonance in the silicon neutron cross section just below 0,73 MeV.
If this is so, then the reported responses are largely true neutron
responses,

The values shown in Figures 9 and 10 result from interpreting
all observed counts as neutron events, and dividing by the known neutron
flux. These values are roughly two orders of magnitude below the response
to similar energy gamma-rays, indicating that the neutron response is at
least that small, and perhaps smaller. For such low neutron reqponse, it
must be expected that some fraction of the observed counts may be due to
gamma~-rays (which are unavoidably associated with any neutron fields).

The background which was subtracted off has subsequently been
found to be nearly all due to gamma, however, even the inverse square conm-
ponent of the radiation from the target must include some gamma-ray flux.
Under these circumstances of low neutron response and non-zero gamma
flux, it is not possible to further identify what portion of the observed
response 1s truly due to neutrons. The present values must be used as
upper limits to the possible neutron response.

Further work will be necessary to obtain better values for the
response or to push the limits lower. Some experiments have been proposed
to further identify the components of the inverse square portion of the
observed counts. These should shed further light on the nature of the
target radiation. Beyond that, it will probably be necessary to resort

to time~of-flight techniques.
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Until further work is done, the present values are a firm upper

limit . to the possible neutron response of the silicon detectors.
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IIT. CHANNEL ELECTRON MULTIPLIER - TYPE CEM-4010

The response of the channeltron was to be measured as a function
of incident photon energy. Although a considerable amount of effort was
spent in attempting to achieve proper operation of this device, that goal
was not met. The channeitrons were purchased as specified in a special
glass enclosure to facilitate the response measurements. It may be pos-
sible that the devices were damaged somehow during the process of enclo-
sing them,

After receiving the channeltrons from the vendor,* they were
mounted on a special holder with the necessary resistors in the high vol-
tage circuit. A sharp single pulse was observed directly from the CEM at
voltage between 2500 and 2600 volts, far below the saturation voltage.
When the voltage was increased, a series of after pulses appeared. The
number of after pulses seemed to increage as the high voltage increased
and the saturation mode of operation could not be reached. This problem
could have been due to outgassing in the sealed glass enclosure, so a
vacuum valve and ion gauge were attached to the enclosure to permit
positive control of the pressure inside the enclosure.

With the controlled vacuum,noise pulses produced by the CEM
were reduced to essentially zero. Positive counting of photons from
several sources Iincluding 60Co, Sth, and 2hNa was obtained. Sensitivity

of the channeltron at C.84 MeV, 1.25 MeV and 2.0 MeV (the average of the

*Bendix Corporation, Electro-Optics Division.
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L

QhNa photons)varied from 1.4 x 107 to 2.8 x 10"h counts per gamma per
square centimeter for a high voltage of 3000 volts and shaping time con-
stants in the linear amplifier from O.4u's to 3.2u's. The shaping is
necessary to provide proper signals to the multichannel analyzer used.

The signals from the CEM still consisted of a pulse train and did not
approach saturation operation with the high voltage as high as 4000 volts
and the pressure as low as 3 X 10_6 mm Hg. Thus, these particular devices
d; not seem to operate properly at any attainable voltage and pressure.

No confidence can be placed on the data obtained even through the sen-
sitivities measured may be reasonable.

4

This particular CEM should operate at pressures below 1 X 10~
>

mm Hg. Our measurements of the sensitivity were taken at 1 x-10"7 mm Hg.
The results for one series of gain measurements taken with a 6000 source
are shown in Figure 11. As the voltage is increased, the number of
observed events also increases and so also does the gain increase. At
3800 volts, the number of events observed is almost the same as the

number of events observed at 4000 volts. From work of Evans2 saturation

should be reached at g voltage of about 3000 volts.
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Iv. G-M COUNTER RESPONSE MEASUREMENTS

Gamma response and shielding experiments were conducted with
the type 6213 geiger tube, Shields of depleted uranium which had been
prepared proved to be too radiocactive to use. A series of cylindrical
Pb shields (2 inches long and varying thicknesses) were made for use
instead. Low gamma source activities and the low y efficiency of the
geiger tube necessitated a short source-to-detector distance of ~v 5
cm, Gamma radiation was incident on the detector normal to its cylin-
drical axis. Background was v 1 cbunt/min for the bare detector and
decreased as absorber thickness increased.

Response measurements were conducted with the same set of pho-
ton sources used for the silicon detector measurements discussed earlier
as a function of shielding thickness. Lead thicknesses used were 0,010",
- 0.020", 0.030", 0.050", 0.075", 0.150", 0.300" and 0.450". These data
are summarized in Table 5 for all exposures. The information sheet

137Cs, 5th,

supplied by the vendor listed the response of the 6213 for
and 6000 in the proportion of 1/1.3/1.6. The measurements compare fav-
orably with a relative response ratio of 1/1.3/1.8. These ratios would
be expected to be somewhat higher due to the side incidence of the pho-
tons. The higher energy photons have & slightly higher probability of
penetrating the sides of the G-M tube. The response measurements with

137 54

Cs, Mn, and 6000 all show an initial rise as the first section of
lead shielding is added then a steady drop as additional shielding is

added. This build—upuis expected due to secohdaries generated in the
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lead. The response measurements for both 203Hg and 2hNa, on the other

hand, show a. very sharp drop as the first thickness of lead is added.
This indicates the presence of a low energy component which is shielded
by the 0.010" and thicker amounts of lead.

A count rate versus high voltage function was experimentally
determined and the plateau seemed quite reasonsble. An operating vol-
tage of 550 volts as recommended by the manufacturer was chosen as the
best point to make further measurements. The plateau is shown in Figure
12, and the shielding measurements in Figure 13.

Measurements of the G-M counter's sensitivity to neutron radi-
ation were made at 0.73 MeV, 0.56 MeV, and 0.20 MeV, the same energies
used for the data obtained with the silicon detectors. After correcting

for the room background, the sensitivities measured were:

2.2 x 107° counts per neutron per em® at 0.73 MeV,
5

1.4 x 1077 counts per neutron per cm® at 0.56 MeV, and

2.0 x :LO—'5 counts per neutron per cm2 at 0.20 MeV.

Statistical uncertainties in these measurements are about + 15 percent
after making the background correction. The G-M counter data showed a
much smaller room background contribution than did the silicon detec-
tor data. These measured neutron sensitivities represent an upper
limit to the true value because of the gamma contamination of the

neutron beam.
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In general, the position errors for all the G-M counter mea-
surements should be no more than * 2 percent. Counting statistics were
+ 3 percent or less in all cases except where an excessive length of
time would be required. The uncertainties in the calibrated sources

137

are quoted by IAFA as 1.0 percent or less except for the Cs source

which is + 1.8 percent.
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TABLE 1

y-RESPONSE -~ EFFECT OF DIFFERENT ABSORBERS

01d metal box arrangements.

Absorbers 2-1/2" x 3-1/2" placed ~ 1/2" in front of detector.

Results given for: MrdE 100 @ 53 keV; MrdE 300 @ 50 keV;
MrdE 500 @ 50 keV; NE200-2 @ 52 keV; NE200-5 @ 51 keV.

Count /vy /cm?
MrdE MrdE MrdE NE200 NE200
Source Absorber 100 300 500 2 5
137es  Lolo" a1 .022 .039 .052 097 A7
13705 060" ¢ .021 .041 .050 .09k 176
13T 080" Lexan .023 .ohk .05k .096 172
13T0e .009" Pb .023 .0kL3 .055 .09k 172
Sth LOL6" AL .009 .025 .036 .088 .166
Mn 080" © .010 .02} .039 .089 .167
Mn 110" Lexan .010 0.23 .0h1 .089 .167
Sth .012" Pb .010 .023 .038 .087 .166
0o 086" A1 .011 .030 .0kl .088 156
6000 .150" ¢ .011 .033 .0k48 .086 .161
6000 .190" Lexan .012 .032 Nol'y .092 .160
6000 .021" Pb .010 .027 .0k1 .08k .15k
e oko" A1 .036 .065 .082 .09k .153
ghNa .380" ¢ .032 .06k .082 .096 155
e 480" Tex .035 .068 .085 .093 154
2h

Na .058" Pb .036 L062 .078 .090 L1hT
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TABLE 2

DETECTOR EFFICIENCY (counts/y/ cm?)

Detector efTss effss &1 00 effy 5 efT500
203Hg .090" Al
MrdE 100 .01k .0076 .0039
MraE 300 017 .010 .006L .0011 .0006
MrdE 500 .032 .020 .012 .001k .0003
NE200-1 .152 .085 .054 .0076 .0018
NE200-2 .097 .062 .0ko .0063 .001k
NE200-3 .048 .030 .020 .0028 .0007
NE200-5 .19 .096 .059 .010 .00k
MrdE 1000 .036 .023 .0029 .00053
370s 090" A1
MrdE 100 .019 .013 .008% .003k .0015
MrdE 300 .021 017 .01k .009L .0063
MrdE 500 .038 .030 .023 .0160 .011k
NE200-1 .122 .107 .093 OTL .060
NE200-2 .091 .0T8 .068 .054 .0kl
NE200-3 .048 .0ko .035 .027 .022
NE200-5 .154 .133 116 - ,092 067
MrdE 1000 .051 .okl L0290 .022
5th .090" Al
MrdE 100 .012 .0091 .0063 .0023 -.0013
MrdE 300 .020 .015 012 .010 .0071
MrdE 500 .030 .025 .021 .016 .012
NE200-1 .110 .096 .079 .068
NE200-2 .089 .078 .0T0 .059 .050
NE200-3 .052 .OLL .039 .032 .026
NE200-5 152 .13k .120 .099 .082
MrdE 1000 .0k9 .0k3 .033 .028

- continued «
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TABLE 2 (cont'd)

Detectdr effso eff75 effloo efflSO eff200
6000 .090" Al
MrdE 100 .015 .010 .0069 .0035 .0019
MrdE 300 .02k .020 01T .012 .009
MrdE 500 .038 .032 .028 .021 017
NE200-1 .10k 094 .082 .073
NE200-2 .008 .079 .C72 .062 .056
NE200-3 .052 .0k47 .0k43 .037 .032
NE200-5 J1k2 131 121 .106 .093
MrdE 1000 .053 .0L48 .039 .033
2hNa Ey = 2.75 MeV .220" Al
MrdE 30 .0
MrdE 100 .028 017 .011 .005k4 .0020
MrdE 300 .066 .059 -.OhT .028 .020
MrdE 500 .085 072 .063 .0kg .034
MrdE 1000 .081 0Tk .063 .055
NE200-1 07T .076 072 067
NE200-2, 076 Noyen 072 .069 064
NE200-3 .056 .osu’ .053 .0k9 .0L6
NE200-k4 .122 .116 112 .106 101
ghNa E = 2,06 MeV
yaverage
MrdE .0043 .002k .0011 .0003
MrdE 100 .021 .013 .009 .00L .002
MrdE 300 .05 .039 .032 .019 .013
MrdE 500 .061 .052 .0k45 .035 .025
MrdE 1000 .066 .060 .050 .0L3
NE200-1 .097 .090 .085 077 .070
NE200-2 .082 .076 .072 .065 .060
NE200~-3 .054 .051 .0L8 .0k43 .039

NE200-5 ,132 .12k 17 .107 097
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TABLE 3
Si SOLID STATE DETECTORS - NEUTRON RESPONSE

BKGD subtracted on basis of constant term arrived at from
inverse square runs.

L.C. @ + 45°, 100 cm: Detectors @ - 45°, 40 cm.

Counts/n/em? x 10%
200 keV 150 keV 100 keV T5 keV 50 keV

Detector Eneutron Bias Bias Bias Bias Bias
MrdE 100 0.20 MeV 0.09 0.52 0.81

MrdE 300 0.20 MeV 0.52 0.88 1.76 2.52 3.15
MrdE 500 0,20 MeV 1.15 1.95 3.68 3.78 4.98
MrdE 1000 0.20 MeV 3.93 L.66 5.90 6.02 6.29
NE200~1 0.20 MeV 5.36 6.26 7.80 8.01 8.30
NE200-2 0.20 MeV 4.81 5.61 7.0k T.21 T.47
NE200-3 0.20 MeV 4,30 4.90 5.85 5.65 5.56
NE200-5 0.20 MeV 6.62 7.86 10.0k4 10.53

MrdE 100 0,56 MeV 0.07 0.17 0.k2 0.66

MrdE 300 0.56 MeV 0.50 0.86 1.53 2.32 3.2k
MrdE 500 0.56 MeV 0.67 1.31 2.82 3.25 3.63
MrdE 1000 0.56 MeV 3.60 4,35 5.17 5.82 6.96
NE200-1 0.56 MeV 4.9L 5.85 6.88 7.81 9.73
NE200-2 0.56 MeV k.59 5.38 6.17 6.92 8.L47
NE200-3 0.56 MeV 3.51 L.06 L. 52 4.89 5.67
NE200-5 0.56 MeV 6.15 7.3k 8.69 9.99

MrdE 100 0.73 MeV 0.11 0.23 0.55 1.00

MrdE 300 0.73 MeV 0.57 0.99 1.89 3.28 L.52
MrdE 500 0.73 MeV 1.51 2.55 4.69 5.26 6.12
MrdE 1000 0.73 MeV L.19 5.07 6.49 8.30 11.18
NE200-1 0.73 MeV 5.59 6.66 8.27 10.68 15,59
NE200-2 0.73 MeV 4,95 5.87 T.27 11.28

NE200-3 0.73 MeV 4.09 L.72 5.56 6.88 9.06
NE200-5 0.73 MeV 6.82 8.17 10.39 13.80
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TABLE L

DETECTOR RESOLUTION

Detector Resolution
Number _(FwHM)
MrdE 30 24,0 kev
MrdE 100 22,0 keV
MrdE 300 18.2 keV
MrdE 500 18.3 keV
MrdE 1000 17.5 keV
NE 200-1 32.5 keV
NE 200--2 30.0 keV
NE 200-3 28.k4 keV

NE 200-5 21.3 keV
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V. NEUTRON SPECTROMETER SYSTEM

The scintillation neutron spectrometer system was supplied by
JPL with the exception of some additional components such as DDL amplifier,
multichannel analyzer, printer, and a plotter which were BNW supplied. -
The main components were ORTEC equipment, and they were connected and
operated according to the manufacturer's block diagram. The appendix
contains a block diagram of the complete system, together with the control
settings as used for these measurements.

. Two scintillators were measured; one was 2.0 inch diameter by

0.4 inch thick NE-213 in one of the manufacturer's standard cells. The
other was 1.5 inch diameter by 0.4 inch thick. For our own purposes, these
were sometimes identified as JPL No. 1 and JPL No. 2, respectively. Each
scintillator was mounted in turn on the same P.M. tube.

The 2-inch diameter scintillator contained a small bubble a few
mm in diameter. Although undesirable, this bubble could not be eliminated.,
but it was believed to cause negligible effect on the measurements.

The scintillator-P.M. tube assembly was always operated with
its axis horizontal, which meant that the circular plane of the scintil-
lator was vertical. Measurements were made with neutrons incident both
along the axis (normally to the plane of the scintillator) and perpendi-
cular to the axis (incident on the cylindrical side of the scintillator).

The measurements were carried out with the geometry shown in

Figure 8. Table 6 lists the operating parameters for the various runs.
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Shown are the neutron energy, target reaction and incident particle energy
used, the position of detector and neutron flux monitor, and the gain set-
tings with the resultant pulse height resolution with which the data was

acquired.

Calibration
The pulse height scale for the system was calibrated by means of
the Compton-edge electrons from the cesium-137 y-ray (EY = 661.6 keV,

EC = L477.3 keV). Following Flynnh and Moores, the point at the half

height of the 137

Cs spectra was assigned a value of E x 1.04, or 496.L keV.

The linearity and channel zero setting were checked by means of
a precision pulser, and both were always within one channel of the 256
channel group size used. The pulser was connected to the amplifier in
place of the linear output from the P.M. tube base, and thus only the
linearity of the amplifier and multichannel analyzer was checked. Line-
arity of the P.M. tube gain and tube base preamp was presumed from the
integrity of the manufacturer.

The calibration factor (keV/channel) for the two scintillators
was not equal. Primarily this is believed due to different light collec-
tion efficiency (the 2-inch diameter scintillator had a glass window lar-
ger than the photocathode of the P.M. tube). However, the two scintilla-
tors were manufactured at different times, and there is possibly some
additional difference in the scintillator material. There is also a dif-
ference in resolution for the two scintillators. For the 2-inch diameter .

scintillator, the resolution was 14 to 15 percent, and for the 1.5-inch

diameter about 12 percent. As may be inferred from the last columns of
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Table 6, the light efficiency for the 2-inch diameter scintillator is about
18 percent less than that of the 1l.5-inch diameter.

The pulse height scale used here is expressed in units of keV
electrons equivalent. It is a truly linear scale, even though the res-
ponse of scintillators to electrons may be somewhat non-linear. °
Linearity with respect to light output is assured by the nature of the
system. Calibration in terms of light output from electrons at one energy
provides a convenient scale which is independent of light collection effi-
ciency. When comparisons are made of data obtained by different workers
(using scales calibrated by different electron energies) some care should
be taken to assure equivalence of pulse height scales. For a large body

7,8 used & scale of "light

of work done at ORNL, Verbinskii and coworkers
units" based on the 22Na y-spectrum. That unit is closely equivalent to
the output from a 1.2L4 MeV electron.
A typical 137Cs calibration spectrum is shown in Figure 1kh.
There were slight differences in the calibration factor_obtained
at different times during the period of the run. However, since these
differences were less than 2 percent in all cases, a éingle set of aver-

age calibration factors (consistent with the x 2 changes in gain) was

used to give the energy scale for the runs.

Neutron-Gamms, Discrimination

Operation of a liquid scintillator fast neutron spectrometer

system is entirely dependent on clear n,y discrimination. Nc significant
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number of y's should be counted nor, similarly, few neutrons not counted.
Operating such a system introduces some practical problems in making these
measurements. First, the timing adjustments which maeke the n,y discrimin-
ation possible are critical, and need to be checked and adjusted frequently.
It was, for example, necessary to use slightly different timing settings at
each of the amplifier gain settings. Second, it is not possible to achieve
good n,y discrimination at the lowest pulse heights - below about 1/32 of
fuil scale (some other systems claim a 50:1 dynamic range).

Figure 15 shows some typical n,y timing spectra. The important
adjustment is the setting of the timing discriminator relative to the two
peaks, within nanoseconds, say.

Estimation of the amount of "tail" of each peak falling beyond
the discriminator setting provides some measure of the number of neutrons
missed or gammas incorrectly counted. Here, this amounts to, at most, a

137

few percent. Checks with the Cs spectra showed that as few as one
count in 103 would be accepted as neutrons. For any lower setting of the
pulse amplitude discriminator, much worse resolution between neutrons and

gamma, events resulted.

Neutron Flux Measurement

The integrated neutron flux (fluence) during each run was moni-
tored by the long counter.3 Whenever possible, it and the scintillator
detector were positioned symmetrically with respect to the beam tube.

This was assumed to provide equal flux at both. Where symmetry was not
possible, a correction for the angular variation of the neutron intensity

was necessary.
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The stability of the long counter efficiency was checked
daily by means of a PuBe source inserted in the standard position in
the counter,.

The neutron fluence was calculated from the following equation:

F o= 8 fnf - 60 * R (neutrons/cmg)

&

F(heut/cme) is the time integrated fluence at the scintillator.

Ny, (counts) is the total counts (during a run) from the long counter.

Ty (em) is the distance to the effective center of the long counter
ry = 89.7 + 7.8 + 1.1 - E (MeV) cm

ry (em) is the distance to the scintillator.

n(E)(-) is the efficiency of the long counter as a function of energy
(Reference 3, Figure 13).

So [(counts/min)/neut/cmgwsec] is the seﬁsitivity factor for the ﬁarti—
cular BF3 tube used in the long counter. §_ = 209 (the factor
60 converts from cts/min to cts/sec).

Re(-) is an angular correction factor which differs from unity only

when the scintillator and long counter were not symmetrically

positioned. Measured values were used.

Data Acquisition

All the data were recorded as differential pulse height spectra.
At each neutron energy and scintillator orientation, spectra were accumu~

lated for a preset number of monitor counts. Each spectrum was printed
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out in digital form as well as plotted (usually on a logarithmic scale) by
a fast plotter.
' 137

Occasionally between neutron runs, Cs spectra were taken to
verify gain calibration; and the timing spectrum using a PuBe neutron
source was also taken to check on the settings of the n,y discrimination.
The discriminator setting, separating the n,y events, was‘the most criti-
cal since gain changes and warm-up caused changes in the timing spectra.

Some typical spectra are shown in Figure l6,and the spectra from

all runs are available.

Scintillator Response to Protons

The light output of NE-213 as a function of charged partiecle
energy has been extensively studied before. Such information, for protons,
is inherent in the present data; and it is worth considering as a check on
internal consistency of the data'for the two scintillators as well as with
earlier work.

The pulse height vs. maximum proton recoil energy is shown in
Figure 17. The data points are from the present data based on an arbitrary
definition of maximum pulse height. Because the present spectra have essen-
tially no plateau, a half-height-edge to the spectra is impossible to
define well. Instead, the end poipt of each spectra is used - defined as
the channel at which the spectra drops to 1/100 of the level it has at
about one/half the maximum channel. Define this way, the maximum pulse
height may be expected to be higher than from other definitions due to

resolution smearing.
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The data points shown in Figure 17 include all runs for both
scintillators and both orientations. Agreement at each energy is quite
good, indicating a consistent pulse height scale for both scintillators,
in spite of their differences in light efficiency. A power law curve,
EY, has been fitted to the data points, and is shown. The best fitting
exponent was y = 1.45, compared to a 1.5 which some workers have indi-
cgted to be a good approximation for this range of proton energy.

Verbinskii and coworkers at ORNL have used a "light table"
for protons which has good internal consistency (2 percent) within their
Monte Carlo calculations and experiments. Converted from their "light
unit" scale to electron equivalent energy, their curve is also plotted
in Figure 17. The present data falls 5 to 10 percent above the ORNL
curve - which is about what one would expect from the present definition
of pulse height and the 12 to 14 percent resolution. Thus, the light
scale here used 1s consistent wifh other measurements and supports the

accuracy of the assignment of the bias levels.

Treatment of the Data

The differential pulse height spectra for all runs were punched
into cards and used for input to a'simple computer program which integra-
ted each above the several selected bias levels. The channels at which
to start the integration were calculated from the resolution (keV/channel)
for each run as listed in Table 6. .Interpolation to 1/10 of a channel

was made. That is, if the calculated bias level fell within & channel,
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an appropriate fraction of the counts within that channel was included in
the integration.

The integrated counts for each bilas level and run were divided
by the appropriate value of fluence for the run to convert each to an

efficiency value.

Results

The measured response as a function of neutrons energy 1s shown
in Figures 18 through 21 for both scintillators, and for neutrons inci-
dent both from the side and normal to the circular plane of the detector.
The same data are also listed in Tables 7 through 10.

The response is given as total counts (above the respective
bias levels) per unit fluence. On the right side of the graphs is a scale
obtained by dividing the response values by the projected area of the
detector ~ that 1s, counts per cm2 of detector area. This is entirely
equivalent to the scale of counts per single neutron incident on the
whole detector - which has been frequently used in calculations of detec-
tor efficiency.7’8’9

Results are not available at the higher neutron energies for
the lowest bias levels. The diffefential spectra do not extend to these
bias levels because of the necessary amplitude discriminator in the n,y
discrimination system.

The points at which the curves intercept the zero response akxis

(below En = 1.0 MeV) are obtained directly from the curve of Figure 17 -
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the end points of the differential spectra. For neutrons of energy below
these values no pulses would be expected to fall above the respective bias
levels. Thése are listed as the En threshold in Tables T through 10.
(They are the same for all four figures and tables.)

For the 2-inch diameter scintillator, Figures 18 and 19, the
point at En = 3.91 MeV introduces a jog in the response curve. The lines
are drawn through these points only to make clear with which curve they
afe associated. It shouldn't be implied that there is any fluctuation in
response at this energy. The difference between the set of points at 3.91
and 3.99 MeV provides one indication of the consistency of measurements
made at somewhat different combinations of deuteron beam energy and_labora—
tory angle. The difference in this case is about 3 percent. (The point
at 3.91 was actually intended to be for 4.5 MeV, but the detector was

inadvertently positionéd at the wrong angle of L5" instead of 0°.)

Errors

The greatest source of uncertainty in the neutron flux arises.
in the values for efficiency of the long counter - primarily its variation
with energy. The absolute counting efficiency of the counter has been mea-
sured using the U.S8. standard neutron source, NBS—II. The maximum varia-
tion in efficiency over the 1-5 MeV range is + 10 so.errors would be very un-
likely to exceed that amount. Comparisons of fluence measured by the
long counter and a completely independent method, the proton recoll pro-

portional counter, have recently been showing agreement within + 5 to 10
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percent. Therefore, though the measurement may be better than 10 percent,
we believevthat figure is appropriate.

The stability and reproducibility of the long counter is quite
good, The count rate from the inserted PuBe source has been stable
within < 1 percent for the last five years. (That is, it follows the
predicted growth rate of the source: 1.08 percent/year.) Thus, compari-
sons between runs made at the same energy should be valid to less than a
féw percent.

Uncertainties due to counting statistics are negligible in all

5 6 N

cases since 10° to 10 counts were accumulated from the monitor, and 10

to lO6 counts from the scintillator for all runs.

Be(d,n) Thick Target Spectrum

Barly in this contract, some irradiations of gyros and oils were per-
formed for JPL using the BE(d,n) reaction with By = 1.8 MeV. A time-of-
flight spectrum was later taken in order to characterize the energy spec-
trum of that flux, and, in particular, to obtain a figure for the average
neutron energy.

For a detector, the 2-inch diameter NE0213 scintillator was used
with normal incidence, and at a 68 cm flight distance. No n,y discrim-
ination was used since most y-counts are separated in time from any neutrons,
and they provide a convenient reference point for time .zero. Under this

condition, the only discriminator in the system was that in the ORTEC P.M.

tube base and it was set to just reject tube noise. Neutron pulses were
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accepted which were considerably lower than any bias level used during the
response measurements.

In reducing the time-of-flight spectrum to an energy spectrum, it is
necessary to factor in the variation with energy of both the channel width
and scintillator response. For the latter, a calculated response of the
scintillator, supplied by JPL, was used. The particular curve used was
for the 1.016 cm thickness, and for a 10 keV bias. The latter value was
chosen because it was the lowest one of the set provided, and most
closely corresponded to the scintillator bias situation just described.

Our measured scintillator responses were not used because they did not
extend to these low bias values.

A small FOCAL program was written for the PDP-8 to perform the required
calculations for background subtraction, flight-time to energy conversion,
conversion of counts to neutrons using manually entered values of detector
response, and finally calculatioﬁ of average energy.

Figure 22 shows the final neutron spectrum and the value of the
average energy, 2.T76 MeV. (In moﬁthly reports, some previous values of the
average energy were reported for this data. Firstly, a rough value of 3.33
MeV was obtained using only the hydrogen cross section. Secondly, the plot
of calculated response for the scintillator, informally supplied by JPL, was
used and yielded a value of 2.86 MeV. However, the unlabled energy scale of
the plot was incorrectly interpreted to be 0-10 MeV rather than 0-20 MeV.
The present value of 2.76 MeV for the average energy was obtained using the

correct scale of 0-20 MeV and it supercedes the values previously reported.)
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APPENDIX

SCINTILLATION NEUTRON SPECTROMETER SYSTEM

BLOCK DIAGRAM
AND

CONTROL SETTINGS



A2

P.M. TUBE -gl_lliTg_. TIME PICKOFF GATE AND DELAY
0 POS._,|  GENERATOR
TIMING P.M. BASE (DISCRIMINATOR) (DELAY)
NEG. {SYNCTO
SCOPE
START
DDL AMP)%HER e TIMING S. C. A, TIME TO PULSE
DDL (DISCRIMINATOR |
GAIN:X16 '653"._“" AND DELAY) P! HE IGHT CONVERTER
X32 @ @
L DLOWT  (ror oBSERVING ny TIMING
==~ ny TIMING SPECTRA) SPECTRA
A A
DELAY AMPLIFIER SINAGNLZE\L(\:(I}QQNEL
(DELAY) @ (DISCRIMINATOR)
LINEAR GALE
(GATE DELAY AND | GATE
WIDTH) IN
- @
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MULT I CHANNEL
ANALYZER v v ¥
10V-256 CH PLOTTER PRINTER SCOPE
@ D) 13

BLOCK DIAGRAM

SCINTILLATION NEUTRON SPECTROMETER (n,y DISCRIMINATING)



A-3
BLOCK DIAGRAM COMPONENTS AND SETTINGS

Constant Fraction Timing P.M. Base. ORTEC Model 270. (It must be
used with an ORTEC Model 403A Control, 3.)

Internal Adjustments Only.

P.M. High Voltage Supply, 0-3000 V Calibration Standards Corporation,
Model 122 B.

Negative 2050 and 2200 V values were used.

Time Pickoff Control

ORTEC Model 403 A

a) Disc. Level: 1.0 for nearly all runs.

b) Output 3 (pos.) used for start via (5).

c) Output 1 or 2 (neg) used for oscilloscope sync.
DDL Amplifier

Canberra Industries Model 1h11

a) Coarse Gain: Various, x 8, x 16 and x 32 used.
b) Time Gain: Always min (CCW), or L.

c)Input Mode: Pos., 1/10.

d) DDL Output to Timing SCA (6).

e) DL Output to P.H. Analyzer via (7) anda (10).
Gate and Delay Generator

ORTEC Model 416

a) Delay Range: 1.0 - 11 us.

b) Delay Pat: 2.00

c) Delayed Gate: Width 0.4 us.



d)

e)

A-l

Delay Gate: Amplitude 4V.

Delayed Gate: Neg. output to start input of (8).

Timing Single-Channel Ansalyzer

ORTEC Model 420

a)

e)

Disc. "E": Varied, used at 0.20 and 0.30.

Disc, AE: Not relavent.

Mode: Integral, Bipolar

Walk: Adjusted for best resolution of n,y timing spectra from
time-P.H. Conv. (8).

Neg. output to stop input of (8).

Delay Amplifier

ORTEC Model 427

a)

Delay switches set for total of 3.5 us.

Time-to-Pulse Height Converter

ORTEC Model 437 A

a)
b)

c)

Range: 0.1 us.

Maltiplier: x 1

Amplitude: 10V

Output Delay: Min, cecs, 0.5 ux.

Strobe: Internal, gate anticoincidence

output, 93 ohm: to timing SCA (9)

Output, 1 ohm: to delay amp (7) (in place of DDL Amp. DL

output) when checking n,y timing discrimination point.



10.

11.

A-5

Timing Single-Channel Analyzer

Canberra Industries Model 1436

a)

b)

Window: Not relevant.

Base Line: Primary adjustment for n,y discrimination. Settings

varied between 2.5 and 3.5 and can be critical (+ 0.02).

Delay: 0.0.
Mode: LE and SCA.

Output: Pos. to gate (10).

Linear Gate

Canberra Industries Model 1451

a)

c)

Gate Mode: On for n,y discrimination

Gate Mode: Off cor no n,y discrimination and for examining n,y

timing spectra from T-PH Conv. (8,g).
Gate Width: 3.0

Gate Delay: 0.95

(Gate width and delay adjusted to accept arrival time of DL

pulse from DDL Amp (4). Other delay adjustment possible in

Delay Amp. (7).

Multichannel Analyzer

Nuclear Data ND2200, 1024 Channel

a)
b)
c)

a)

Usually operated as four 256 channel groups.
Input: + 10 V, Delayed ADC and Discrim,
Conversion Gain: 256.

Linear Gate Closed. Lower disc 1.3, at about

channel one or two.



11.

12.

13.

1k,

A-6

(Cont'd)

e) Upper Disc: 10.0.

f) Monitor Oscilloscope: Tektronix Type RM 503.
Oscilloscope Tektronix 555 with Type L Plug in.

a) Sweep trigger: Ext. from P.M. Time pick off (3).
Plotter, Houston Ommigraphic Model 6550.

Printer, Monroe Data/Log.



